The activity concentration of natural radioactivity for soil samples collected from western and mid Libyan regions were measured using HPGe detector. K were observed to be 21.51 ± 2.93 nGy/h and 0.297 ±.03 mSv/y respectively, which are lower than world average values (60 nGy/h and 0.8 mSv/y). The radium equivalent activity and external hazard indices were found less than the world wide average values.
Introduction
The knowledge of radionuclides distribution and radiation levels in the environment is important for assessing the effects of radiation exposure due to both terrestrial and extraterrestrial sources. Natural background radiation is of terrestrial and extraterrestrial origin. Terrestrial radiation is due to radioactive nuclides present in varying amounts in rocks, building materials, water, soils and atmosphere. Natural radionuclides of uranium 238 U, thorium 232 Th and potas- K. Human has always been exposed to natural radiation arising from the earth as well as from outside the earth [1] [2] [3] . Natural environmental radioactivity and the related external exposure due to gamma radiation depend mainly on the geological and geographical conditions, and appear at different levels in the soils of each region in the world. Every building construction material contains different quantities of natural radioactive nuclides. Radiation exposure due to building materials can be divided into external and internal exposure. The external exposure is caused by direct gamma radiation whereas internal exposure is caused by the inhalation of radon ( 222 Rn), thorn ( 220 Rn) and their short lived decay products. As, radon is a noble gas, it can transport easily through porous media for instance building materials, while usually only a fraction of that produced in the material reaches the surface and enters the indoor air.
The natural radioactivity in the environment is the main source of radiation exposure for human body. Natural radionuclide in soil contributes a significant amount of background radiation exposure to the population through inhalation and ingestion. It can be also transferred to plants and foods and drinking water.
According to A.L.A.R.A, principle, the radium equivalent Ra eq , the external hazard index H ex the absorbed Dose Rate A.D.R and the Annual Effective Dose
Equivalent. E.D.E were estimated and compared with results of other studies and with the worldwide average value. This work was undertaken to measure the activity concentrations and γ-ray absorbed doses of the naturally occurring radionuclides in soil samples. Another aim of this work is to create the public awareness about the radiation hazards and it will also be helpful to establish a research base line in the investigated regions. Some previous studies of Libyan soil, Arab and neighbors' countries soil are summarized and tabulated in Table 1 .
The two hundred samples (twenty samples for each region) were collected, at depth 1 -10 cm. Samples were treated thermally at 60˚C for 24 hours after that they were sieved to obtain uniform particle size about 550 µm then the soil will filled in beaker which was sealed and then average weighted and stored for a month to reach the secular equilibrium.
Materials and Methods

Sample Collection and Preparation
The samples are selected from different geographic and geological regions in western and mid Libya. Twenty samples were collected, with average masses varied 0.24 -0.53 kg, for each region with separate distance 1 km. The samples information is illustrated in Ra in the environmental samples. The HPGe detectors have very high resolution and 70% relative efficiency. The spectrum was analyzed using multichannel analyzer (MCA) connected to computer using Genie-2000 software [15] . The sealed sample was placed in the protection unit of gamma ray spectrometry for the counting time of six hours, the energy resolution (FWHM) of this detector is 2.01 keV at 1.33 MeV ( 60 CO).
Calibration of Gamma-ray Spectrometer System
The calibration of the spectrometer system for energy measurements is necessary to know the approximate energies of the radiation source being analyzed.
The aim of calibration is to identify the radionuclide and activity concentrations present in an environmental sample. Energy calibration is carried out to confirm linear relationship between energy and the number of channels corresponding to that energy, and to determine the energy of each channel in a spectrum. The spectrum is obtained for a reasonable time so that the photo peaks have sufficient counts for analysis. The regions of interest and centroid peak channel numbers are identified.
In the present work, the detector efficiency calibration was performed using standard assurance reference materials and standard soil. These standard reference materials were taken in containers similar to the containers used for filling the soil samples for gamma spectrometric determination. The standard materials and samples were taken in containers of the same size and type so that the geometry remained the same. The samples were counted long enough (one week) to reduce the counting error.
Calculation of Activity Concentrations
The radioactivity of each sample was measured with keeping the samples one by one on the top of the detector and counted for a period of one day. The activity concentration (A) of each radionuclide in the sample was determined by using the count rates (N c ) (after subtracting the back ground).
where ε = Efficiency of the detector for the specific energy, I γ = Intensity of the gamma ray and W = Sample weight (kg). For the analysis of peak areas of gamma spectra, a computer software programming (Genie 2000) was used [16] . Effective dose rates:
The Effective dose due to natural activity in soil was calculated by:
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Gamma index (I γ ):
The index (I γr ) is used to estimate the level of γ -radiation hazard associated with the natural radionuclides in specific investigated samples, is defined as: As radon daughters decay, they emit radioactive α-particles and attach to aerosols, dust and other particles in the air. As persons inhale, radon progeny are deposited on the cells lining the airways where the α-particles can damage DNA and potentially cause lung cancer. The excess α-particles radiation due to radon inhalation originating from building materials is estimated through the α-index (I α ), which is defined as follows [14] :
The recommended upper limit concentration of 226 Ra is 200 Bq•kg −1 which gives I α = 1.
Results and Discussion
In this work the activity concentrations and radiological indices of soil samples, K was determined by Equation (1) and the results were tabulated in Table 3 and illustrated together in Figure 1 . The highest value is found for sample S10A, for (2)- (8) respectively and the values have shown in Table 4 and Figure 4 . mean value of external radiation hazard index is (0.45 ± 0.09) which is less than 1 and confirm it as safe to carry out the activities for the human in that region.
The outdoor air absorbed dose rate due terrestrial gamma rays at 1m above the ground were calculated for between the radionuclides average activity concentrations were calculated ( Ra and absorbed dose. Therefore, the soil of some regions used in the present study is exempted from all the restrictions concerning radioactivity, also these soil samples are safe to be used in building construction. However, the soil samples of regions as mentioned above have higher values for 232 Th, 226 Ra, 235 U and radionuclides indices than world (UNSCEAR, 2000) [25] . The mean value of gamma index is obtained above the limit of 1 for most samples. On the basis of these results, researcher concluded that the soil of the study area (in particular regions) had radiological health hazard to the public.
